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FIELD OF THE INVENTION 



This invention relates generaiiy to the field of bacteria, antigens and t e,r 
.se, for exan,p,e, as immunogenic agents in hur^ans and ani.ais to st,rnulate 
an immune response. More speoificaiiv, i. reiates to the vac^a«^ 
mammalian species, especiaiiv humans, w.h one or more "^^^^^ 
,om gram positive bacteria and which show sequence homoiogv w,.h 
immunogenic polypeptide obtained from Streptococcus pneumon,ae. 



0 



BACKGROUND OF THE INVENTION 



Polypeptides derived from gram positive bacteria are useful for 
simulating production of antibodies that protect the vaccine recipient a^^^^^ 
infection by a wide range of serotypes of pathogenic gram ^'^^^^ 
including S, • Further, the invention relates to anfbod, g. 

such polypeptides useful in diagnosis and passive immune therapy w,th respect 
,0 diagnosing and treating suoh pneumococcal infections. 

The genus Streptococcus contains a variety of species responsible for 
causing disease in mammals, including humans, while also encompass.ng 
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species that constitute normal flora In humans and other mammals. Among the 
species ^^^^^^ ^^^3„3 S. 

bacterial species implicated in the etioiogy 

,,<^e.es (part of the group A streptococcal bacteria, heroin designated GAS 
^group A streptocoocn, S, P—e .-ferred to as "pneumococcus , 
L S l;.e..e ,the .roup B .reptococci or "GBS",. The group A 
feptococ!i cause serious diseases such as necrotizing fasciitis, scarlet fe er 
IS as wen as .ess virulent diseases such as impetigo and pharyng^is^ 
plmoocccl are the most common cause of oommuni.v-ac.u^ 
pn ulnia and are also responsible for more than half of ail cases of otiti 
medT i Children. The pneumococci are also the second most commo 

Xn associated with bacterial ^^^^ 

the most prevalent pathogen associated with illness 
newborns in the United States. 

currently, there are no vaccines available for the prevention of diseases 
caused bv the group A and group B streptococci and presently available 
Zoccccal vaccines are not effective In children under 2 years of age or , 
he elderly due to the poor immunogenicity of the capsular carbohydrates th t 
om 0 e the current vaccine. It would therefore be highly advantageous to 
, Zl a vaccine that would prevent Infection by these classes of pathogen, 
especially in the age groups mentioned. 

,n addition to the pathogens jus. described, some bacteria of the genus 
S,ap/,y~s are also of clinical Importance. In fact, two of these are among 
5 1 leading causes of nosocomial infections (infections acquired while ,n e 
OS :l Both S.e,.y..ooous .ureus and ....ylocoocus — 
clonize the s.n of healthy individuals and can cause acute « - 
.ellowing immunosuppression or traumatic iniury. Infections --"^H 
species include bacteremia, endocarditis, osteomyelitis, wound infections 
30 Infections associated with indwelling catheters. 
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streptococcus pneumoniae is a gram positive bacterium that is a ma,or 
causative agent in invasive infections in animals and humans, such as the 
aforementioned sepsis, meningitis, and otitis media, - 
pneumonia (Tuomanen, e, Ne. En,len, J. of MeOlcine 322:1280-1284 
,,995.) AS part of the infection process, pneumococci readily bind to non- 
inflamed human epithelial cells of the upper and lower respiraton, tract by 
binding to eukaryotic carbohydrates in a lectin-like manner <Cundell et el 
Micro. Pat/,. 17:361-374 (1994,,. Conversion to invasive pneumococcal 
infections for bound bacteria may involve the local generation of inflammatory 
factors which may activate the epithelial cells to change the number and type 
of receptors on their surface .Cundell, et a/., Neture. 377:435-438 .1995 ,. 
Apparently, one such receptor, platelet activating factor ,PAF, is engaged by 
,he pneumococcal bacteria and within a very short period of time (m.utes 
from the appearance of PAF, pneumococci exhibit strongly enhanced 
adherence and invasion of tissue. Certain soluble receptor analogs have been 
Shown to prevent the progression of pneumococcal infections (Idanpaan- 
Heikkila et el.. J. Inf. Dis.. 176:704-712 (1997,,. A number of other protcns 
have been suggested as being involved in the pathogenlcHy of S. pneun,on,ee. 

Streptococcus pneumoniee itself has been shown to contain a gene 
Which encodes a protein designated herein as Sp36. This protein has a 
predicted molecular mass of 91,538 Da and contains 5 histidine tnad mot,fs 
(proposed to be involved in meta, binding,. The gene encoding this protein 
; appears to be present the 23 serotypes comprising the current commerc* 
available pneumococcal-capsular vaccine. Immunization of mice w,th th,s 
protein, in the presence of Freund's adjuvant, stimulates an immune response 
Which protects these mice from an intraperitoneal challenge with a dose of 
virulent pneumococci that would normally kill the mice. 
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.emi,v.. polypeptides having epitopes . oo^.on .0. -io— 
,neu^n,e bu. also ,ro. a broader spec.ru. of gram pos,„ e ba^^ ■ 
order .0 utilize such polypeptides as yacoines to provide proteCon aga.nst 



5 wide variety of infectious organisms. 



BRIEF SUMMARY OF THE INVENTION 



,„ accordance with the present invention, there is provided vaccnes that 
,0 include polypeptides obtained from gram positive bacteria other than S 
:211 as well as variants of said polypeptides and active fragments of 



such polypeptides. 



The present invention is also directed to novel genes, and he 
,5 polypeptides encoded thereby, derived from gram positive bacteria other than 
S I— and which bear seguence homology to the Sp36 gene already 
es'Ld. such gram positive bacteria include the group A and B streptoco. 
a described herein, as well as species of the genus S«p.y~s, especially 



S. aureus. 
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,n a particular embodiment, the present invention is directed to specfic 
gene sequences, and proteins encoded thereby, derived from the group A and 
Z B streptococci, and to the use of such expressed polypeptides an 
p Otis as the basis for pharmaceutical compositions useful as vaccnes a d 
means for enabling isolation of antibodies with therapeutic and or 
o hyrctic activity .such as would be usef.1 in preparing products I.e 



CytoGam). 



,n a further er^bodiment, the preser^t ir^vention also relates to the 

H .CP nf fraaments of the novel polypeptides disclosed herein, 
30 preparation and use of tragmenxs ui 





such fragments being immunogenic in nature and being usefui in .he 
preparation of vaccine, against diseases caused by the pathogens from whrch 
such polypeptides, and fragments thereof, are derived. 
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BRIEF DESCRIPTION OF DRAWINGS 

Figures 1 shows the results of a Southern blot of genomic DNA from 
S. .ureas. S. pyogenes, and pneumococcus. The DNA was digested with 
restriction nucleases SamHl or AV«1,, and after electrophoresis and transfe 
: , nylon membrane, was probed with a labeled DNA fragmen 
,5 encompassing the pneumococcal gene encoding Sp36. The ^vbridlzation and 
washes were carried out under low stringency conditions. The resu its shew 
,Vh,ldi.ation by the labeled probe to a S. .ureus fragment in both the fiamHl 
and Pvuil lanes and to two fragments In the /V.11 digests of two strains of S. 
pyogenes. 

'"51/ Figures 2 shows an ailgnM^t between the Sp36 amino acid sequence 
from S. pneu.on>.e strai^* and the homologous seguences from 
.yoosnes and S. «.a^ae. Amino acids identical to these of the 
polypeptide from S. pneumoniae are boxed. 

" Figure 3 shows the results of a Southern blot of genomic DNA from S, 

,,o,er,es. S. e,.lsotiee. and S. pneumoniae probed with DNA encoding the 
tull length Sp36 homolog from S, pyogenes. The hybridization was carried 
out under low stringency conditions. These results demonstrate that the S, 
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pyogenes Sp36 ho,.c,og, used as a probe, is capable o, de.ec.ing a 
homologous gene in S. agalacv^e and pneumococcus. 

Figure 4 shows .he resuLs of a western bio. using rabbi, polyclonal 
5 an.iserum genera.ed agains. recombinan. Sp36 pro.ein cloned from S. 

s.rain Norwav 4. The resul.s demons.ra.e .ha. .his a~ 
no. only reacs wi.h .he pro.ein agains. which I. was ra,sed (here, Sp36), as 
well as .0 a pro.ein of similar s.e in a lysa.e of a sero.ype 6B s.ra. o 
pneumococcus, bu. also reaCs wi.h a recombinan. pro.ein encoded by 
10 Sp36 homolog gene of group B strep.ococci. 

for .he QAS36 homologs 

oj Figure o snows. >i.<= - - . , j .t. 

,he his.idine .riadj^^i^^f^lined IFig. 6,a, and (b,. and .he 
sequence for a.SBsil«molog (Fig. 5(c„ wi.h i.s his.ldlne .riad reg.ons 
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DETAILED DESCRIPTION OF THE INVENTION 

The presen. invention is direc.ed .o novel polynudeo.ldes and 
polypeptides derived from species of gram positive bac.eria, especially group A 
and B s.rep.ococci. and including .he genus Ste,Hy,ococcus. mos. especally 
S, pyogenes (GAS), S. egalactiae (GBSI, and S. aureus, respectively. 

Further, .he present invention is direCed .0 polynucleotides derived 
.cm gram positive bacteria and which are a. leas. par.lally 
polynucleotides making up .he gene coding for .he previously d,sciosed Sp36 
gene of S, pneumoniae (U.S. Application Serial No. 60/1 1 3,048). 
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The present invention is also dl-eoted to polynucleotides, and 
immunologically active fragments, segments, or portions, thereof, wh,ch 
polypeptides are encoded by the polynucleotides disclosed here,n. 

5 The present invention also relates to such polynucleotides and 

polypeptides in enriched, preferably isolated, or even purified, form. 

,n accordance with the present invention, the term "DNA segment- 
refers to a DNA polymer, in the form of a separate fragment or as a 
,0 component of a larger DNA construct, which has been derived from DNA 
isolated at leas, once in substantially pure form, i.e., free of contam.na ,ng 
endogenous materials and in a quantity or concentration enabhng 
identification, manipulation, and recovery of the segment and its component 
nucleotide secuences by standard biochemical methods, for example, us,ng a 
,5 Cloning vector. Such segments are provided in the form of an open read.ng 
„ame uninterrupted by internal nontranslated sequences, or introns, wh.ch 
ere typically present in euRaryotic genes. Sequences of non-translated DNA 
may be present downstream from the open reading frame, where they do 
no. interfere with manipulation or expression of the coding regions. 
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The nucleic acids and polypeptide expression products disclosed 
according to .he presen. ihven.ion, as well as expression vectors containing 
such nucleic acids and/or such polypeptides, may be in "enriched form. As 
used herein, the term "enriched" means that the concentration of the 
material is at least about 2, 5, 10, ,00, or 1000 times its nature 
concentration (for example), advantageously 0.01 %, by weigh,, preferably at 
least about 0.1% by weight. Enriched preparations of about 0.5%, f>. 
5% 10%, and 20% by weight are also contemplated. The sequences, 
construes, vectors, clones, and other materials comprising the present 
invention can advantageously be in enriched or isolated form. 
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"isolated" in the context of the present invention with respect to 
polypeptides (or poiynuCeotides, n,eans that the materia, is removed from ,ts 
original environment is.,., the natural environment if it is naturally occu.,ng). 
For example, a naturally-occurring polynucleotide or polypeptide present ,n a 
living organism is not isolated, but the same polynucleotide or poiypepfde, 
separated from some or all of the co-existing materials in the natural system, ,s 
isolated, such polynucleotides could be part of a vector and/or such 
polynucleotides or polypeptides could be part of a composition, and st,ll be 
isolated in that such vector or composition is not part of its natural 
environment. The polypeptides and polynucleotides of the present inven«on 
are preferably provided in an isolated form, and most preferably are punf.ed to 



homogeneity 
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The polynucleotides, and recombinant or immunogenic polypeptides, 
disclosed in accordance with the present Invention may also be in -purif.ed" 
form. The term "purified" does not require absolute purity; rather ,t ,s 
intended as a relative definition, and can include preparations that are h.ghly 
purified or preparations that are only partially purified, as those terms are 
understood by those of sRill in the relevant art. For example, .n<^v,dual 
clones isolated from a cDNA library have been conventionally pur,f,ed to 
electrophoretic homogeneity. Purification of starting material or natural 
material to a. leas, one order of magnitude, preferably two or three orders, 
and more preferably four or five orders of magnitude is expressly 
contemplated. Furthermore, claimed polypeptides having a pur.ty of 
preferably 0.001%, or a. least 0.01% or 0.1%. and even 1% by we.ght or 
greater is expressly contemplated. 

The term "coding region" refers to that portion of a gene which either 
naturally or normally codes for the expression product of that gene ,n ,ts 
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natural genomic environment, i.e., the region ooding in vivo for the nat.ve 
expression product of the gene. The coding region can be from a normal, 
mutated or altered gene, or can even be from a DNA sequence, or gene 
™M1v synthesized in the laboratory using methods well Known to those of 
skill in the art of DNA synthesis. 

,n accordance with the present invention, the term "nucleotide 
sequence" refers to a heteropolymer of deoxyribonucleotides. Generally, 
DNA segments encoding the proteins provided by this invention are 
assembled from cDNA fragments and short oligonucleotide linkers, or from a 
series of oligonucleotides, to provide a synthetic gene which is capable of 
being expressed in a recombinant transcriptional unit comprising regulatory 
elements derived from a microbial or viral operon. 

i The term "expression product" means that polypeptide or protein that is 

the natural translation product of the gene and any nucleic acid sequence 
coding equivalents resulting from genetic code degeneracy and thus coding 

for the same amino acid(s). 

0 The term "fragment," when referring to a coding sequence, means a 

portion of DNA comprising less than the complete coding region whose 
expression product retains essentially the same biological function or act.v.ty 
as the expression product of the complete coding region. 

25 The term "primer" means a short nucleic acid sequence that is paired 

with one strand of DNA and provides a free S'OH end at which a DNA 
polymerase starts synthesis of a deoxyribonucleotide chain. 

The term "promoter" means a region of DNA involved in binding of RNA 
30 polymerase to initiate transcription. 



The term "open reading frame (ORF)" means a series of triplets coding 
for amino acids without any termination codons and is a sequence 
(potentially) translatable into protein. 

AS used herein, reference to a DNA sequence includes both single 
stranded and double stranded DNA. Thus, the specific sequence, unless the 
oontext indicates otherwise, refers to the single strand DNA of such 
sequence, the duplex of such sequence with its complement (double 
10 stranded DNA) and the complement of such sequence. 

In accordance with the present invention, the term "percent identity" or 
"percent identical," when referring to a sequence, means that a sequence ,s 
compared to a claimed or described sequence after alignment of the sequence 
,5 to be compared (the "Compared Sequence") with the described or claimed 
sequence (the "Reference Sequence"). The Percent Identity is then detemnined 
according to the following formula: 

Percent Identity = 100 [1-(C/R)] 
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wherein C is the number of differences between the Reference Sequence and 
the compared Sequence over the length of alignment between the Reference 
sequence and the Compared Sequence wherein (i) each base or amino acd ,n 
,he Reference Sequence that does not have a corresponding aligned base or 
amino acid in the Compared Sequence and (ii) each gap in the Reference 
sequence and (ill) each aligned base or amino acid in the Reference Sequence 
that is different from an aligned base or amino acid in the Compared Sequence, 
constitutes a difference; and R is the number of bases or amino acids ,n the 
Reference Sequence over the length of the alignment with the Compared 
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•th .nv aao created in the Reference Sequence also being counted 
Sequence with any gap creaieu m ui^ 

as a base or amino acid. 

H an alignment exists between the Compared Sequence and the 
5 Reference Sequence for whiof, the percent identity as oaiculated above .s 
about equa, to or greater than a specified minimum Percent identity then he 
compared Sequence has the specified minimum percent identity to the 
Reference Sequence eyen though alignments may exist in wh,ch the 
hereinabove oaiculated Percent Identity is less than the specified Percent 

10 Identity. 

Thus the present invention is directed to novel, isolated polypeptides 
comprising an amino acid sequence at least 75% Identical to a sequence ,n 
SEQ ID no: 2, 4 or 6, preferably polypeptides at least 90% identical thereto. 
,5 more preferably 95% identical to the sequence of SEQ ID NO: 2 or 4, and 
most preferably having the sequence of either SEQ ID NO: 2 or 4. 

The isolated polypeptides of the present invention may be found in a 
wide variety of microorganisms, but will commonly be found in an organ,sm 
selected from the group consisting of group A streptococci, group B 
streptococci, and Staphylococcus aureus, and wherein the group A 
streptococcal organism is Streptococcus pyogenes and the group B 
streptococcal organism is Streptococcus agalectise. Also, polypeptides of the 
i„vention include, but are in no way limited to, isolated polypeptWes hav^g a 
sequence at least 25% identical to the amino acid sequence of the Sp36 
protein of Streptococcus pneumoniae. 

The present invention further relates to imnnunogenicaliy active 
fragments of the isolated polypeptides disclosed herein. 

30 
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The terms "fragment," "derivative" and "analog" when referring to the 
polypeptides disclosed herein means a polypeptide which retains essentially the 
same biological function or activity as such polypeptide. Thus, an analog 
includes a proprotein, or preprotein, which can be activated by cleavage of the 
proprotein portion to produce an active mature polypeptide. Such fragments, 
derivatives and analogs must have sufficient similarity to the polypeptide of 
SEQ ID N0:2, 4 or 6 so that immunogenic activity of the native polypeptide is 

retained. 

The polypeptide of the present invention may be a recombinant 
polypeptide, a natural polypeptide or a synthetic polypeptide, preferably a 
recombinant polypeptide. 

The fragment, derivative or analog of the polypeptide of SEQ ID N0:2, 
4, or 6 may be (i) one in which one or more of the amino acid residues are 
substituted with a conserved or non-conserved amino acid residue (preferably a 
conserved amino acid residue) and such substituted amino acid residue may or 
may not be one encoded by the genetic code, or (ii) one in which one or more 
of the amino acid residues includes a substituent group, or (iii) one in which 
the mature polypeptide is fused with another compound, such as a compound 
to increase the half-life of the polypeptide (for example, polyethylene glycol), or 
(iv) one in which the additional amino acids are fused to the mature 
polypeptide, such as a leader or secretory sequence or a sequence which is 
employed for purification of the mature polypeptide or a proprotein sequence. 
Such fragments, derivatives and analogs are deemed to be within the scope of 
those skilled in the art from the teachings herein. 

As known in the art "similarity" between two polypeptides is determined 
by comparing the amino acid sequence and its conserved amino acid 
substitutes of one polypeptide to the sequence of a second polypeptide. 
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Fragments or portions of the polypeptides of the present invention may 
be employed for producing the corresponding full-length polypeptide by pepfde 
synthesis; therefore, the fragments may be employed as intermediates for 
producing the full-length polypeptides. Fragments or portions of the 
polynucleotides of the present invention may be used to synthesize full-length 
polynucleotides of the present invention. 

As used herein with reference to polypeptides, the terms "portion," 
■segment," and "fragment," refer also to a continuous sequence of residues, 
such as amino acid residues, v.hich sequence forms a subset of a larger 
sequence. For example, if a polypeptide were subjected to treatment with any 
of the common endopeptidases, such as trypsin, ohymotrypsin, or papa,n, the 
Oligopeptides resulting from such treatment would represent porfons, 
segments or fragments of the starting polypeptide. 

The presem invention is also directed to isolated polynucleotides whose 
sequences contain coding regions encoding the polypeptides of the present 
invention, preferably the polypeptides of SEQ ID NO: 2, 4, and 6 and most 
preferably will be the isolated polynucleotides comprising the sequences of 
SEQ ID NOS: 1, 3, and 5. 

The presem invention is also directed to fragments or portions of such 
sequences which contain at least 15 bases, preferably at least 30 bases, 
more preferably a, least 50 bases and most preferably at least 80 bases, and 
to those sequences which are at least 60%, preferably at least 80%, and 
most preferably at least 96%, especially 98%, identical thereto, and to DNA 
,or RNA) sequences encoding the same polypeptide as the sequences of SEQ 
ID NOS: 2, 4, and 6, including fragments and portions thereof and, when 
derived from natural sources, includes alleles thereof. 
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Yet another aspect ot the present invention is directed to an isolated 
DNA (or RNA) sequence or molecule comprising at least the coding region of 
a bacterial gene (or a DNA sequence encoding the same polypeptide as such 
coding region,, in particular an expressed bacterial gene, which baoter.a 
gene comprises a DNA sequence homologous with, or contr,but,ng to^ the 
sequence depicted in SEQ ID NOS: 1, 3, and 5 or one at least 60^, 
preferably at least 80%, and most preferably at least 95%, especally 98 
identical thereto, Including ,00% Identity, as well as fragments or portions 
0, the coding region which encode a polypeptide haying a similar functron to 
the polypeptide encoded by said coding region. Thus, the isolated DNA (or 
RNA, sequence may include only the coding region of the expressed gene (or 
fragment or portion thereof as herelnaboye indicated, or may further include 
a„ or a portion of the non-coding DNA (or RNA, of the expressed bactenal 

gene. 

,n general, sequences homologous with and contributing to the 
sequences o, SEQ ID NOS: 1, 3, and 5 (or one at least 60%, preferably at 

.„.Kiv at least 95% identical or homologous 
least 80%, and most preferably at least a> 

thereto) are from the coding region of a bacterial gene. 

The polynucleotides according to the present inyen.ion may also occur 
in the form of mixtures of polynucleotides hybridizable to some extent w,th the 
gene sequences containing any of the nucleotide sequences of SEQ ID NOS: 
, 3 and 5, including any and all fragments thereof, and which polynucleotide 
mixtures may be composed of any number of such polynucleotides or 
fragments thereof, including mixtures having at least 10, perhaps at leas, 
such sequences, or fragments thereof. 

Fragments of the full length polynucleotide of the present Invention may 
30 be used as hybridization probes for a DNA library to isolate the full length DNA 
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and .0 isolate other DNAs which have a high sequence simiiarity to the gene or 
Similar biological activity. Probes of this type preferably have at least 1 5 bases, 
may have at least 30 bases and even 50 or more bases. The probe may a^o 
be used to identify a DNA done corresponding to a full length transcript and a 
genomic clone or clones that contain the complete gene including regulatory 
and promoter regions. An example of a screen comprises isolating the cod,ng 
region of the gene by using the known DNA sequence to synthesize an 
oligonucleotide probe. Labeled oligonucleotides having a sequence 
complementary to that of the gene of the present invention are used to screen 
a library of DNA or mRNA to determine which members of the library the probe 



hybridizes to 



The present invention is also directed to vectors comprising the 
polynucleotides disclosed herein, as well as to genetically engineered cells 
comprising such vectors and/or polynucleotides. Thus, the present invenfon 
also relates to vectors which include polynucleotides of the present invention 
host cells which are genetically engineered with vectors of the invention and 
the production of polypeptides of the invention by recombinant techniques. 

Host cells are genetically engineered (transduced or transformed or 
transfected) with the vectors of this invention which may be, for example, a 
coning vector or an expression vector. The vector may be, for example, in the 
form of a plasmid, a viral particle, a phage, etc. The engineered host cells can 
be cultured in conventional nutrient media modified as appropriate for 
activating promoters, selecting transformants or amplifying the genes of the 
present invention. The culture conditions, such as temperature, pH and the 
like, are those previously used with the host cell selected for expression, and 
will be apparent to the ordinarily sidlled artisan. 



15 



The polynucleotides of the present invention may be employed for 
producing polypeptides by recombinant techniques. Thus, for example, the 
polynucleotide may be included in any one of a variety of expression vectors 
for expressing a polypeptide. Such vectors include chromosomal, 
5 nonchromosomal and synthetic DNA sequences, e.g., derivatives of SV40; 
bacterial plasmids; phage DNA; baculovirus; yeast plasmids; vectors denved 
from combinations of plasmids and phage DNA, viral DNA such as vacc,n,a, 
adenovirus, fowl pox virus, and pseudorabies. However, any other vector may 
be used as long as it is replicable and viable in the host. 

The appropriate DNA sequence may be inserted into the vector by a 
variety of procedures. In general, the DNA sequence is inserted into an 
appropriate restriction endonuclease site(s) by procedures known in the art. 
such procedures and others are deemed to be within the scope of those shlled 

15 in the art. 

The DNA sequence in the expression vector is operatively linked to an 
appropriate expression control sequence(s) (promoter) to direct mRNA 
synthesis. As representative examples of such promoters, there may be 
20 mentioned: LTR or SV40 promoter, the lac or trp, the phage lambda P. 

promoter and other promoters known to control expression of genes in 
prokaryotic or eukaryotic cells or their viruses. The expression vector also 
contains a ribosome binding site for translation initiation and a transcnpfon 
terminator. The vector may also include appropriate sequences for amplifying 



25 expression 



In addition, the expression vectors preferably contain one or more 
selectable marker genes to provide a phenotypic trait for selection of 
transformed host cells such as dihydrofolate reductase or neomycin resistance 
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,0, eukarvotic cel. culture, o, such as tetraoyoline o, ampicillin resistance in L 
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coli - 

The vector containing the appropriate DNA sequence as hereinabove 
5 described, as we,, as an appropriate promoter or contro, sequence, may be 
empioved to transform an appropriate host to permit the host to express the 

protein. 

AS representative examples of appropriate hosts, there may be 
.0 mentioned: bacteria, ceiis, such as E^, Si»ces, Sa!^ 
typhimurium; funga, ce„s, such as yeas, insect ceiis such as Ujoso^ §2 
;;;^i;;^.era m a^-a, ce„s such as CHO, COS or Bowes me,anoma 
aden;;:;;;:;^an, ce„s, etc. The selection of an appropriate host is deemed 
,0 be within the scope of those skilled in the art from the teachings here,n. 

More particularly, the present invention also includes recombinant 
constructs comprising one or more of the sequences as broadly described 
above. The constructs comprise a vector, such as a plasmid or vrral vector, 
into Which a sequence of the invention has been inserted, in a forward or 
20 reverse orientation. In a preferred aspect of this embodiment, the construct 
further comprises regulatory sequences, including, for example, a promoter 
operably linked to the sequence. Large numbers of suitable vectors and 
promoters are known to those o, skill in the art, and are commercally 
available. The following vectors are provided by way of example; Bactenal: 
,5 paE70, poeeo, pOE-9 lOlagen,, pBS, pO10, phagescript, phiX,74 pB— 
SK PBSKS, PNH8A, pNH16a, pNHlSA, pNH46A (Stratagene); pTRC99a, 
PKK223-3, PKK233-3, pDR540, pRlT5 (Pharmacia); Eukaryotic; pWLNEO 
PSV2CAT, P0G44, pXT1, pSG (Stratagene. pSVK3, pBPV, pMSG, pSVL 

(Pharmacia). However, any other plasmid or vector may be used as long as 
30 they are replicable and viable in the host. 

n 
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TWO appropriate vectors are pKK232.8 and pCM7. Particular named bacten. 
pro Jers InCude iaC, iacZ, T3, T7, .pt, ,am«a P., P. and trp. u arv 
ro^oters Include CMV immediate early, HSV titymldlne .inase, ea v and I « 
SV40, LTRs from retrovirus, and mouse metallothlonein-l . Seleot,on of th 
appropriate vector and promoter is well within the level of ordinary s.,ll ,n 
art. 

,n a further embodiment, the present invention relates to host cells 
containing the above-described constructs. The host cell can be a h,«her 
eukaryotic ceil, such as a mammalian cell, or a lower eukaryofc cell, such as 
east cell or the host cell can be a prCaryotlc cell, such as a baotenal cell. 
Zdulon Of the construct into the host cell can be effected by calcum 
,osphate transfection, oe...e.tran — J-~ecu,: 
electroporation (Davis, L., Dibner, M., Battey, 1., Basic Me 

Biology, (1986)). 

The constructs in host cells can be used in a conventional manner to 
produce the gene product encoded by the recombinant secuenc. 
Alternatively, the polypeptides of the invention can be synthetically produced 
by conventional peptide synthesizers. 
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Mature proteins can be expressed in mammalian cells, yeast, bactena, or 
other ceils under the control of appropriate promoters. Cell-frea translation 
s stems can aiso be employed to produce such proteins using RNAs denv^ 
,„m the DNA constructs of the present invention. Appropriate clon.ng and 
expression vectors for use with prokaryotio and eukaryotic hosts are descnbed 
Jsambroo. et a,.. Moiecular Cloning. A Laboratory Manual. Second Ed,t,on. 
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. u hor MY n989) the disclosure of which is hereby 
Cold Spring Harbor, N.Y., uao»»/ 

incorporated by reference. 

Transcription o. the DNA encoding the polypeptides o, the present 
5 invention by higher eu.aryotes is increased by inserting an -^-^ 

..0 the vector. Enhancers are cis-acting eien.ents o, ONA, '^'^^^ ^^^^^^ 
,0 to 300 bp that act on a pronroter to Increase its transcr,pt,on Ek .p. 
include the SV40 enhancer on the late side of the replication ong.n bp 1 00 o 
270 a cytomegalovirus early promoter enhancer, the polyoma enhancer on the 
10 late side of the replication origin, and adenovirus enhancers. 

□enerally, recombinant expression vectors will include origins of 
replication and selectable markers permitting transfomratlon of the host cell, 
e.g.. the amplclliin resistance gene of and S^cere^^ Trp1 gene, an a 
,5 promoter derived from a highly-expressed gene to direct transcnphon of a 
ownstream structure, secuence. Such promoters can he der,ved fr m 
operons encoding glycolytic enzymes such as 3-phosphoglycerate k,na e 
,PGK,, a-factor, acid phosphatase, or hea, shock proteins, among others. The 
heterologous structural sequence is assembled in ^--^^'^ 
translation initiation and termination seguences, and preferably, a iea e 
sequence capable of directing secretion of translated pro,e,n ,nto 
pe ipiasmic space or extracellular medium. Optionally, the heterologou 
eg ence can encode a fusion protein including an N-terminai ,dent,f,cM» 
peptide imparting desired characteristics, e.g., stabilization or s,mpl,f,ed 
25 purification of expressed recombinant product. 

useful expression vectors for bacteria, use are constructed by inserting a 
structural DNA sequence encoding a desired protein together with su,.ab,e 
translation Initiation and termination signals in operable reading phase w,th a 
30 functional promoter. The vector will comprise one or more phenotyprc 
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selectable markers and an origin of replication to ensure maintenance of the 
vector and to, if desirable, provide amplification within the host. Suitable 
prokarvotic hoats for transformation include Ba*rs^. ^ 

tvphimurium and various species within the genera Pseudomonas, 
5 ;;;;;;^es, and staphylococcus, although others may also be employed as 
a matter of choice. 

AS a representative but nonlimiting example, useful expression vectors 
for bacteria, use can comprise a selectable marker and bacterial orig.n of 
,0 replication derived from commercially available plasmids comprising genehc 
elements of the well known cloning vector pBR322 (ATCC 37017). Such 
commercial vectors include, for example, pKK223-3 (Pharmacia Fine 
Chemicals, Uppsala, Sweden) and GEM1 (Promega Biotec, Madison, Wl, USA). 
These PBR322 "backbone" sections are combined with an appropnate 
promoter and the structural sequence to be expressed. 

Following transformation of a suitable host strain and growth of the host 
strain to an appropriate cell density, the selected promoter is induced by 
appropriate means (e.g., temperature shift or chemical induction) and cells are 
20 cultured for an additional period. 

cells are typically harvested by centrifugation, disrupted by physical or 
chemical means, and the resulting crude extract retained for further 
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purification. 



Microbial cells employed in expression of proteins can be disrupted by 
any convenient method, including freeze-thaw cycling, sonioation, mechanical 
disruption, or use of cell lysing agents, such methods are well known to those 



skilled in the art. 
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various mammalian cell culture systems can also be employed to 
express recombinant protein. Examples of mammalian expression systems 
include the COS-7 lines of monkey kidney fibroblasts, described by Giuzman, 
Cell 23-175 (1981). and other ceil lines capable of expressing a compatrble 
vecior, for example, the C127, 3T3, CHO, HeLa and BHK cell lines. 
Mammalian expression vectors will comprise an origin of replication, a su,.able 
promoter and enhancer, and also any necessary ribosome binding s,tes 
polyadenylation site, splice donor and acceptor sites, transcriptional 
termination sequences, and 6' flanking nontranscribed sequences. DMA 
sequences derived from the SV40 splice, and polyadenylation sites may be 
used to provide the required nontranscribed genetic elements. 

The polypeptide can be recovered and purified from recombinant cell 
cultures by methods including ammonium sulfate or e.hanol precipitation, acd 
extraction, anion or cation exchange chromatography, phosphocellulose 
Chromatography, hydrophobic interaction chromatography, aff,n,.y 
chromatography, hydroxylapatite chromatography and lectin chromatography. 
Protein refolding steps can be used, as necessary. In completing configur^.or, 
of the mature protein. Finally, high performance liquid chromatography (HPLC) 
can be employed for final purification steps. 

The polypeptides of the present invention may be a naturally purified 
product, or a product of chemical synthetic procedures, or produced by 
recombinant techniques from a prokaryotic or eukaryotic host (for example, by 
bacterial, yeast, higher plant, insect and mammalian cells in culture). 
Depending upon the host employed in a recombinant production procedure, the 
polypeptides of the present invention may be glycosylated or may be non- 
glycosylated. Polypeptides of the invention may also include an ,nmal 
methionine amino acid residue. 
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The polypeptides of the present invention, when utilized for clinically 
related purposes, may also be suspended in a pharmacologically acceptable 
diluent or excipient to facilitate such uses, which will include use as a 
vaccine for the purpose of preventing a wide variety of streptococcal and 
Staphylococcal infections. 

,n accordance with another aspect of the present invention, there is 
provided a vaccine that includes at least one polypeptide that is at least 75% 
identical, preferably at least 90% identical and most preferably 95% identical, 
,o a polypeptide sequence comprising the sequence of SEQ ID NO: 2, 4, or 6. 
Such variations in homology for putative vaccines are well known in the art 
,See for example, Hanson et al., "Active and Passive Immunity Aga.nst 
Borrelia burgdorferi Decorin Binding Protein A (DbpA)," Infecjionanilmmu^ 
,Mayl 1998, p. 2143 - 2153; Roberts et al., "Heterogeneity Among Genes 
including Decorin Binding Proteins A and B of Borrelia burgdorferi sensu law.' 
infection and Immunity, (Nov) 1998, p. 5275-5285). Such observations would 
similarly apply to portions, segments or fragments of the polypeptides 
disclosed herein. 

Such segments find a multitude of uses. For example, such segments of 
the polypeptides according to the present invention find use as intermediates ,n 
the synthesis of higher molecular weight structures also within the present 



invention. 



The term "active fragment" means a fragment that generates an 
immune response (i.e., has immunogenic activity) when administered, alone or 
optionally with a suitable adjuvant, to an animal, such as a mammal, for 
example, a rabbit or a mouse, and also including a human. 
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,n accordance with a further aspect of the invention, a vaccine of the 
type hereinabove described is administered for the purpose of preventing or 
treating infection caused by streptococci and staphylococci as well as many 
related organisms. 

A vaccine in accordance with the present inventicn may include one or 
mere of the hereinabove described polypeptides or active fragments thereof. 
When employing more than one polypeptide or active fragment, such es two or 
more polypeptides and/or active fragments may be used as a physical mixture 
or as a fusion of two or more polypeptides or active fragments. The fus,on 
fragment or fusion polypeptide may be produced, for example, by recombinant 
techniques or by the use of appropriate linkers for fusing previously prepared 
polypeptides or active fragments. 

In many cases, the variation in the polypeptide or active fragment is a 
conservative amino acid substitution, although other substitutions are within 

the scope of the invention. 

,n accordance with the present invention, a polypeptide variant includes 
variants in which one or more amino acids are substituted and/or deleted 

and/or inserted. 

,n another aspect, the invention relates to passive immunity vaccines 
formulated from antibodies against a polypeptide or active fragment of a 
polypeptide of the present Invention. Such passive immunity vaccines can be 
utilized to prevent and/or treat streptococcal and staphylococcal infecbons ,n 
patients. In this manner, according to a further aspect of the invention, a 
vaccine can be produced from a synthetic or recombinant polypeptide of the 
present invention or an antibody against such polypeptide. 
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still another aspect the present invention relates to a method of using 
one or more antibodies (monoclonal, polyclonal or sera) to the polypeptides of 
the invention as described above for the prophylaxis and/or treatment of 
diseases that are caused by streptococcal and staphylococcal bac.ena. In 

5 particular, the invention relates to a method for the prophylaxis and/or 
treatment of infectious diseases that are caused by streptococci and 
staphylococci. In a still further preferred aspect, the invention relates to a 
method for the prophylaxis and/or treatment of such diseases as necroti.ng 
fasciitis, scarlet fever, sepsis and many diseases of newborns, in humans by 

10 utilizing a vaccine of the present invention. 

Generally, vaccines are prepared as iniectables, in the form of aqueous 
solutions or suspensions. Vaccines in an oil base are also well known such as 
for inhaling. Solid forms which are dissolved or suspended prior to use may 
,5 also be formulated. Pharmaceutical carriers, diluents and excipients are 
generally added that are compatible with the active ingredients and acceptable 
for pharmaceutical use. Examples of such carriers include, but are not limited 
to water, saline solutions, dextrose, or glycerol. Combinations of carriers may 
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also be used. 

vaccine compositions may further incorporate additional substances to 
stabilize pH, or to function as adjuvants, wetting agents, or emulsifying agents, 
which can serve to improve the effectiveness of the vaccine. 

Vaccines are generally fomiulated for parenteral administration and are 
injected either subcutaneousiy or intramusculady. Such vaccines can also be 
formulated as suppositories or for oral administration, using methods known ,n 
the art, or for administration through nasal or respiratory routes. 
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The amount of vaccine sufficient to confer immunity to patf^ogenic 
bacteria is determined by methods we,, .nown to those s«ed in the art. Th,s 
,uant^ wi„ be determined based upon the characteristics of the vaccne 
.cipient and the ,eve, of immunity required. Typica„y, the amount of vacc.ne 
,0 be administered wi„ be determined based upon the judgment of a sk,„ d 
physician. Where yaccines are administered by subcutaneous or intramuscuiar 
injection, a range of 0.5 to 500 w purified protein may be given. 

riirprtpri to a vaccine in which a 
The present invention is also directed lo 

polypeptide or active fragment of the present invention is delivered or 
administered in the form of a polynucleotide encoding the polypeptide or ac.ve 
fragment, whereby the polypeptide or active fragment is produced « v,vo. The 
polynucleotide may be included in a suitable expression vector and combined 
with a phamiaceutically acceptable carrier. 

Thus the present invention expressly contemplates a vaccine 
composition comprising any of the polypeptides disclosed herein, sa,d 
polypeptide being present in an amount effective to produce an immune 
response, and wherein said polypeptide is suspended in a pham^acologically 
20 acceptable carrier, diluent or excipient. 

The vaccine compositions of the present invention may also comprise 
live vaccines, containing such organisms as S,ep,ocoacus ,or<,on„e and 
S.ln,onem typN. wherein said organisms contain recombinant polypeptides as 
25 disclosed herein. 

,n addition, the polypeptides of the present invention can be used as 
i^munogens to stimulate the production of antibodies for use in passive 
immunotherapy, for use as diagnostic reagents, and for use as reagents ,n 
30 other processes such as affinity chromatography. 
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Thus the present invention is also directed to methods for the 
prevention of a v,ide variety of diseases caused by streptococcal and 
staphylococcal organisms, said methods involving the administering of 
vaccines disclosed herein to animals at risk of such diseases, especially 
where said animals are humans. 

,n addition, the Invention disclosed herein is also directed to a means 
of treating animals, especially humans, afflicted with a disease caused by the 
organisms from which the isolated polypeptides of the invention are denved, 
such methods Including, but not being limited to, administering to an ammal, 
especially a human, afflicted with such a disease of a therapeutically 
effective amount of an antibody, or mixture of antibodies, against the 
polypeptides disclosed herein. 

Antibodies specific for the polypeptides disclosed herein may be 
either polyclonal or monoclonal and may even be In the form of ant.sera. 
When such antibodies are monoclonal in nature, they may be produced by 
conventional methods of preparing monoclonal antibodies, such as from 
conventional hybridoma cells, and may also be produced by genetically 
engineered cells transformed with vectors containing genes spechcally 
coding for the different heavy and light chains of antibody molecules havmg 
an arrangement of variable regions specifically complementary to one or 
more of the polypeptides of the invention. Such recomblnantly produced 
antibodies may be in the form of either dimers or tetramers, depend.ng on 
the type of cellular expression system utilized therefor. 

The Invention will now be further described in more detail in the 
following non-limiting examples and it will be appreciated that additional and 
, different embodiments of the teachings of the present invention w,ll 
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doubtless suggest themselves to those ot skil, in the art and such other 
emhodiments are cor,sidered to have been inferred fro. the d.sciosure 



herein. 
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southern Bio, Analysis of Chron,oson,ai DNA Using Probes Specific for the 
Sp36 Gene of Streptococcus pneumoniae 

Genomic DNA was isolated from Staphylococcu, aureus. Streptococcus 
pyogenes (group A), and S,.^rococc.. a,a^ot,ae (group B, after overnight 
grov^th of the bacteria, The DNA was digested to completion by overn.ght 
incubation with restriction enzymes ,ea«H, and P..li), and then DNA 
fragments were resolved by size by agarose gel electrophoresis before transfer 
.0 a nylon membrane. The membrane was then probed with DNA encod,ng the 
entire Sp36 open reading frame that had been fluorescein-labeled with random 
primers using a Rit from Amersham Pharmacia Biotech inc. The hybrldizat.on 

and washes were carried out under low stringency conditions (,.e C, 

. i^esr- fori" wash; AS-CO.BxSSC for 2" wash). 

5xSSC hybridization; 45°C, IxSSC for 1 wasn, 

^ X icn r«M MaPI and 15 nM sodium citrate, pH /.U 

Here, SSC is composed of 1 50 mM Naoi ana 
and all washes are 50 mL each. 

After hybridization and washing was complete, the bound, fluorescein- 
labeled probe was detected using an antl-fluorescein antibody as per the 
manufacturer's instructions with the Mt. Similariy digested DNA fn,m 
Streptococcus pneumoniae strain SJ2 (serotype 6B) was used as a pos,t,ve 
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control. Fluorescein-labeled bacteriophage lambda DNA digested with the 
restriction nuclease HinM\ was used as a size marker. 

The Sp36 probe hybridized with a single fragment in the digested S. 
aureus DNA (-4.5 kb fia,r,Hl fragment, -5 kb Pvu^^ fragment) and with 2 major 
fragments in a /V«ll digest of serotype M1 of the group A streptococci 
genomic DNA (-4.0 kb, and -4.2 kb ). 

Example 2 

BLAST Analysis Using Sp36 Predicted Amino Acid Sequence 

Sequence col)arisons of the Sp36 encoded protein sequence against 
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publicly available\enBank sequence database (including the unfinished 

/y^'" \ database 

microbial \ , . 4. 

,http-//www.ncbi.nlm.nih.VBLAST/unfinishedgenome.html)l revealed two 

highly homologous amino ac\sequences. One of these was a predicted am.no 
acid sequence from the S. \09enes genome. This predicted polypeptide 
comprised 82B amino acid testes (MW = 92,616 Dal that was 26.1% 
20 identical to the Sp36 amino acid se\ence from pneumoooccus serotype 4 but 
maintained the 5 histldlne triads (und\ned in Figure 5(al - SEQ ID NO: 2). The 
second polypeptide encoded within \ S. pyogenes database contained 
several errors that were corrected by o\sequencing of this region of the 
genome. The DNA fragment obtained enco^d a protein of 792 amino acids 
25 (MW = 87,457 Da) that was 1 2.6% iden.ioa)uo the pneumococcal sequence 
and 1 2 5% identical to the first S. pyogenes polWide. This predioted am,no 
acid sequence contained four histidine triad motife (underlined in F,g. 5(b) - 
SEQ ID NO.: 4). The third polypeptide sequence o^alned was one already ,n 
the database (Accession No. AF062533) and identiy only as an unknown 
30 gene downstream from a gene identified as Imb in ^ galaciae. Th,s 822 
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amino add pro\in thus has a predicted molecular weight of 92,353 Da and 

maintains the bW*"- '"^ """"^ '""^'"""^ ' 

6) This second \vpeptide shows 25.6% sequence identity to Sp36 of 

pneumococcus typeXand 97.7% and 11.6% identity to the two group A 
homologs, respectively. 
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southern Bio. Analysis Using a group A Streptococcal Sp36 Homolog Probe 

southern Wot analysis was performed with a fluorescein-labeled DNA 
fragment as probe, which encoding a group A streptococcal Sp36 homolog 
cloned from an Ml serotype of the group A streptococcal genome. Th,s 
fragment was then used to probe genomic DNA from an M6 serotype of the 
group A streptococcal genome, as well as serotype 1 a and serotype 3 of the 
group B streptococcal genome, and strain SJ2 (serotype 6B) of 
pneumococcus. In all cases, a single band was obtained in DNA digested w,th 
SamHI when hybridization was carried out under low stringency condrtrons (as 
described above). A band of about 20 Kb was visualized in group A 
streptococcal DNA, about 4.5 kb was obtained for group B streptococcal DNA, 
and a band of about 4kb was seen for pneumococcus. 



25 

Example 4 



western Blot Analysis of Reactivity of group B Streptococcal Homolog With 
30 Anti-Pneumococcal Sp36 Antiserum 
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TO determine whether aritiserum raised agair,s. recombinar,t Sp36 from 
S pneun,on,.e would recognize the recombinant Sp36 homolog encoded by 
g;oup B streptococcai organisms, a western blot was performed. One hundred 
nanograms (100 ng) of recombinant Sp36 polypeptide cloned from either S. 

serotype 4, or of the Sp36 homolog cloned from group B 
streptococcal organisms, or from an unrelated recombinant P--J-"° 
expressed and purified in the same way, were subjected to SDS-PAGE 
containing 12% acrylamide. A eel, iysate of pneumococcal strain SJ2 (serotype 
6B. was also included on the gel. After electrophoresis, the separated prote,ns 
were transferred to a nKroceliulose membrane and probed with rabb,t 
polyclonal antiserum raised against the recombinant pneumococcal prote.n^ 
Bound antibodies were detected chemiluminescently with a goat anti-rabbrt IgG 
antibody con)ugated to horseradish peroxidase using the substrate ECL (from 
Amersham). The results demonstrate that antiserum "i-" ^S^^' *^ 
pneumococcal Sp36 protein cross-react with the Sp36 homolog ,dent,f,ed from 
the group B streptococci and thereby indicating conseryation of ep.topes 
between the proteins. The group B streptococcal homolog is also 
approximately the same size as the protein detected in S, p„e.mo™ae lysates 
Because the group A and B homoiogs are highly homologous, if not ,dent,cal 
such antiserum would also likely cross-react with the group A streptococcal 
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^ « • A^iri QoniiPnces of the Sp36 Homoiogs from 
Alignment of Predicted Ammo Acid Sequences or me v 

group A and B Streptococci With Pneumococcal Sp36 
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The predicted amino acid sequences from the Sp36 genes from group A 
and group B streptococci and S. pnBun,oniae were aligned using the Clustal 
algorithm in a DNAStar Computer package (DNAS.ar, Inc., Madison, Wl). 
Amino acids that match those encoded by the pneumococcal gene are boxed 
in Figure 2 (showing the results of the alignment). Gaps introduced ,n the 
sequence by the alignment process are indicated by dashed lines. 
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Percentage Sequence Identity Between Homologs of Sp36 

The Sp36 amino acid sequence from pneumococci is 25.6% identical to 
the predicted amino acid sequence of the homologous gene of group B 
streptococci and 25.1% and 12.6% identical to the deduced sequences of the 
two genes from group A streptococci. Furthermore, the group B homolog ,s 
97 7% and 11.6% identical to the first (QAS36) and second (GAS36(21) 
homologs from group A streptococci, respectively. These experiments indicate 
that homologous genes to Sp36 from pneumococcus are present ,n group A 
and group B streptococci, as well as in Stephylocoocus aureus. The protein 
encoded by this gene may therefore perform a similar function in these 
different organisms. This suggests that a vaccine comprising one or more of 
these proteins may be broadly protective against these species. These results 
are summarized in Table 1 which shows the percent identity between the 
amino acid sequences of Sp36 from pneumococcus strain Norway 4 
(serotype 4), group A streptococci Sp36 homolog from an Ml serotype, and 
group B streptococci Sp36 from strain R268. 
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Table 1 . 



5 GAS36 
GAS36(2) 
GBS36 



Pneumo.SpSe GAS36 GAS36(2) GBS36 



c^n-^R 1000/0 25.1% 12.60/0 25.60/0 

Pneumo. Sp36 luu/o 

lOOo/o 97.70/0 



where GAS36 = SEQ ID NO: 2 
10 GAS36(2) = SEQ ID NO: 4 

GBS36 = SEQ ID NO: 6 



100% 11. 6 0/0 

1000/0 
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